Introduction
Oligonuclear organometallic complexes featuring carbon-rich molecular bridges as linkers or components of redox-active centers have served as attractive objects in the field of molecular electronic devices by virtue of their versatile redox and magnetic properties [1] [2] [3] [4] [5] [6] [7] [8] [9] . In particular, redox-active iron derivatives linked to aromatic and heteroaromatic rings have served as suitable models in studies of electronic communication between metallic termini and screening of molecular wires [10] [11] [12] [13] [14] . For example, Lang [8, 15] and Iyoda [16] reported a series of heteroatomic multiferrocenyl species, using palladium-catalyzed C-C cross-coupling Negishi reaction, and studied their electronic coupling properties. In the past decade, Lapinte et al. [6, 11, [17] [18] [19] also investigated electronic and magnetic properties of dinuclear complexes with redox-active half-sandwich Cp*(dppe)Fe units. These studies reveal that electronic and spectroscopic properties of the metal complexes are determined by molecular bonding properties and the type of redox-active terminal groups. Mononuclear metal complexes with attached conjugated aromatic frameworks are often used as building blocks to afford multinuclear organometallic molecular wires [20] [21] [22] , serving as references to unravel their electronic properties. Benzo[b]thiophene frameworks with a reactive α-hydrogen in the thiophene ring and a peculiar electronic character have been applied widely in the field of materials chemistry and molecular electronics [23] [24] [25] . We describe herein the synthesis and molecular structure of 1 with benzo[b]thiophene-2-yl linked to the Cp*(dppe)Fe−C≡C− group (chart 1). Along with 1, we also synthesized the reference 2-ferrocenylbenzo[b]thiophene complex (2) to assess the impact of the ethynylene linker on the redox and bonding properties; meantime, 2 has been reported in the literature [9] . The anodic behavior of 1 was investigated in situ by cyclic voltammetry and spectroelectrochemical methods in the UV-vis-NIR and IR spectral regions. The electronic structure and molecular spectroscopic characteristics of stable monocation 1 + were further explored by DFT and TD-DFT calculations.
Experimental

Materials and methods
All manipulations were carried out under an atmosphere of dry argon by using standard Schlenk UV-3600 UV-vis-NIR spectrophotometer. The controlled-potential electrolyses within the OTTLE cell were carried out using a CHI 660C potentiostat.
DFT calculations were performed with Gaussian 09 [28] at the B3LYP/6-31G* and BLYP35
[29]/6-31G* levels of theory. Geometry optimizations were performed without any symmetry constraints, and frequency calculations on the resulting optimized geometries showed no imaginary frequencies. Electronic transitions were calculated by the time-dependent DFT (TD-DFT) method. The MO contributions were generated using the Multiwfn2.6.1_bin_Win
package and plotted using GaussView 5.0. 
Preparation of iron complexes
η 5 -Pentamethylcyclopentadienyl
Single crystal X-ray crystallography
Single crystals of 1 suitable for X-ray diffraction were obtained by slow diffusion of hexane into a dichloromethane solution containing 1 at room temperature. A crystal of approximate dimensions 0.12 × 0.10 × 0.10 (in mm) was mounted on a glass fiber for diffraction experiments.
Intensity data were collected on a Nonius Kappa CCD diffractometer with Mo K α radiation (λ = 0.71073 Å) at room temperature. Data reduction was carried out using the SAINT-NT software package [31] . Multi-scan absorption corrections were applied to all intensity data using SADABS [32] . The molecular structure was solved by a combination of direct methods and Fourier difference techniques, and refined by full matrix least squares (SHELXL-97) [33] . All non-H atoms were refined anisotropically. Hydrogens were placed in ideal positions and refined as riding. Crystal parameters and details of the data collection are summarized in table 1.
Results and discussion
Synthesis and crystallography
Complex 1 was prepared from precursor 1b (scheme 1) described in the literature [3, 30] . A subsequent straightforward three-step procedure gave 1 in high yield. Complex 2 was synthesized by the classical palladium-catalyzed Negishi C-C cross-coupling reaction, following a slightly modified procedure to that reported in the literature [9] . Complex 1 was characterized by 1 H NMR spectroscopy (Supporting Information, figure S1 ), elemental analysis and single crystal X-ray diffraction. The 13 C NMR spectrum of 1 was complicated by signal broadening caused either by minor paramagnetic (Fe(III)) impurities from the synthetic procedure or by spin-crossover effects at room temperature.
Single crystal X-ray diffraction elaborated further the solid state structure of 1 ( figure 1 ).
In the process of crystal refinement, we dealt with disorder of the thiophene ring (S1, 
Electrochemistry
The anodic response of 1 was investigated by cyclic voltammetry (CV) and square-wave 
UV-vis-NIR and IR spectroelectrochemistry
UV-vis-NIR (figure 3) and IR (figure 4) spectroelectrochemcial monitoring of the reversible oxidation of 1 and 2 to the corresponding cations was carried out with an optically transparent thin-layer electrochemical (OTTLE) cell under dry conditions. Both 1 and 2 exhibit strong, presumably π-π* absorption in the UV spectral region, with maxima at 387 nm and 303 nm, respectively. In addition, 2 features a weak MLCT absorption at 457 nm [9] . The oxidation to monocations 1 + and 2 + results in the appearance of a broad band at 788 nm for 1 + and 942 nm for 2 + (table 4 (table 2) .
DFT and TD-DFT calculations
To describe the nature of the one-electron oxidation of 1 and determine the electronic structure of the stable cationic product in greater detail, corresponding model complexes 
Supplementary material
The 1 H NMR spectrum and molecular structure of 1 with fully labeled thermal ellipsoid plot (50% level 
